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SUMMARY

 

Although some information is available regarding immune activation in familial Mediterranean fever
(FMF), little is known about either peripheral blood T cell activation marker expression or the T cell
proliferative response to phytohaemagglutinin (PHA). In the present study, we aimed to investigate the
percentages of peripheral blood lymphocyte subsets, T cell expression of cellular activation markers
(CD25, CD69, HLA-DR), the T cell response to PHA and serum levels of soluble interleukin-2 recep-
tor (sIL-2R) and interleukin (IL)-10 in patients with FMF. Forty patients with FMF were enrolled into
the study. Control groups were sex- and age-matched and consisted of 20 healthy blood donors and 15
patients with inactive Behçet’s disease. The patients with FMF in an attack period had higher levels of
sIL-2R than those in an attack-free period, and also in comparison with both control groups. The levels
of sIL-2R were also found to be higher in patients with FMF in an attack-free period than those in both
control groups. The mean levels of IL-10 were found to be lower in patients with FMF in an attack-free
period than those in an attack period and were also lower than those in the healthy controls. In an acute
attack period, the absolute counts of CD3

 

+

 

HLA-DR

 

+

 

, CD4

 

+

 

CD69

 

+

 

, CD8

 

+

 

CD25

 

+

 

 and CD8

 

+

 

CD69

 

+

 

 T cells
in peripheral blood samples were also higher than those in both control groups. Both the percentages
and absolute counts of CD4

 

+

 

CD69

 

+

 

 T cells in peripheral blood samples of patients with FMF in an
attack-free period were slightly but significantly higher than those in the healthy controls. In conclusion,
our study indicates that the T cell system is abnormally activated in patients with FMF in both the attack
and attack-free period and that decreased IL-10 levels may create a tendency to perpetuate subclinical
immune activation in the attack-free period.
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INTRODUCTION

 

Familial Mediterranean fever (FMF) is a systemic relapsing
autoinflammatory disorder occurring in populations originating
from the Mediterranean basin, mainly Turks, Levantine Arabs,
Sephardic Jews, Druze and Armenians [1,2]. The disease is char-
acterized by periodic attacks of fever accompanied by serosal
membrane inflammation at the affected sites such as peritoneum,
pleura or synovium, with a massive influx of polymorphonuclear
neutrophils [3]. The attacks are self-limited, lasting 1–3 days, and
between episodes the individual is usually free of symptoms. The
gene (MEFV) causing the disease maps to the short arm of

chromosome 16, encodes a leucocyte- and monocyte-specific
inflammatory regulator, and its mutations cause the autoinflam-
matory phenotype of FMF [4]. Colchicine inhibits leucocyte
chemotaxis through a direct effect on cytoplasmic microtubules
and is effective in treating or aborting the acute recurrent exac-
erbations of the disease.

Some immunological abnormalities in FMF, including changes
in T and B cells and cytokines, have been reported previously [5–
7]. Moreover, impaired tumour necrosis factor-

 

a

 

 (TNF-

 

a

 

) pro-
duction by peripheral mononuclear cells [8,9], while interleukin-1
(IL-1) activity is decreased [10], has been suggested in patients
with FMF. In recent studies, IL-6 [11,12] and TNF-

 

a

 

 [12] levels
were found to be higher in patients with an acute FMF attack
compared with those in an attack-free period [11]. Although some
information is available regarding immune activation in FMF
[12,13], little is known about T cell activation marker expression
in peripheral blood and the T cell proliferative response to
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phytohaemagglutinin (PHA). Therefore, we aimed to investigate
the percentages of  peripheral blood lymphocyte subsets, T cell
expression of cellular activation markers (CD25, CD69, HLA-
DR), the T cell response to PHA, and the serum levels of soluble
interleukin-2 receptor (sIL-2R) and IL-10 in patients with FMF.
Outcomes were compared with a healthy control group and
patients with inactive Behçet’s disease (BD).

 

MATERIALS AND METHODS

 

Patients

 

Forty patients with FMF (32 male, eight female) and 20 sex- and
age-matched healthy volunteers (16 male, four female) were
enrolled into the study. Fifteen sex- and age-matched patients (12
men and three women) with BD were also included as a disease
control group. None of the patients with FMF had an immuno-
logical disorder or another rheumatic disease. The clinical diag-
nosis of FMF was based on the Tel-Hashomer criteria [14].
Attack-free periods (defined as being free of attacks for at least
3 weeks) and acute phases were determined based on clinical
(fever, abdominal pain, arthritis) and laboratory findings (high
levels of fibrinogen, white blood cell (WBC) counts and erythro-
cyte sedimentation rate (ESR)). Nineteen out of 40 patients (14
male, five female) were evaluated only during an attack-free
period, 11 patients (10 male, one female) were evaluated only
during an attack period. In addition, in order to eliminate inter-
individual variability, 10 of the 40 patients (nine male, one female)
who donated blood during an attack gave an additional blood
sample during an attack-free period, 3–10 weeks after the last
attack (double donors). The immunological parameters of
patients with active clinical presentations were measured within
the first 48 h following the onset of attack.

BD patients were diagnosed using the diagnostic criteria of
the International Study Group for Behçet’s Disease [15]. They
had at least one of the major clinical signs and symptoms (oral
ulcer, genital ulcers and cutaneous lesions), and were positive for
the pathergy test. All patients with BD, except for six newly diag-
nosed individuals, were taking colchicine (0·5–2 mg/24 h). None
of the BD patients was receiving either steroid or immunosup-
pressive drugs at the time of the examination. Samples were taken
during an inactive period of the disease. All patients and control
subjects were informed about the aim and procedures of the study
and gave their consent. The study was approved by the Ethical
Committee of Gülhane School of Medicine.

Ten millilitres of venous blood was drawn and centrifuged at
3000 r.p.m. for 30 min for the measurement of IL-10 and sIL-2R
levels. The specimens were stored at 

 

-

 

20

 

∞

 

C until analysis. For the
determination of lymphocyte subsets, subgroups and cell cultures,
peripheral blood samples (4 and 10 ml, respectively) were drawn
into tubes with acid citrate dextrose (ACD) and heparin, and
analysed on the same day.

 

Analyses
WBC count.

 

WBC numbers were counted by using an auto-
mated whole blood counter (Cell-Dyn 1700, Abbot, Santa Clara, CA,
USA) and the reference range was between 3600 and 10 000/mm

 

3

 

.

 

ESR.

 

The Westergreen method was used. Normal levels were
0–15 mm/h for males and 0–20 mm/h for females.

 

Fibrinogen. 

 

Fibrinogen levels were measured by a photo-optic
method using a fibrinogen reagent (Sigma–Aldrich Chemie GmbH,
Taufkirchen, Germany) and an Amelung AMAX 190 Plus analyser.

 

Serum IL-10 and sIL-2R levels

 

The levels of serum IL-10 (Cytimmune Sciences Inc., College
Park, MD, USA) and sIL-2R (Bender MedSystems Diagnostics
GmbH, Vienna, Austria) were measured by enzyme immunoassay
(EIA). Absorbance readings were carried out on EL 312e Biok-
inetics Reader. Concentrations of unknown samples were deter-
mined from a curve obtained with the standards. According to the
kit information, the sensitivities were 1·6 pg/ml and 0·036 ng/ml;
intra-assay variations 

 

±

 

8·4% and 

 

±

 

1·3%; interassay variations

 

±

 

10·2% and 

 

±

 

 1·9% for IL-10 and sIL-2R, respectively.

 

Determination of lymphocyte subgroups in peripheral blood 
samples

 

Flow cytometry (FACSCalibur, Becton Dickinson Co., San Jose,
CA, USA) was used to analyse cells labelled with monoclonal
antibodies conjugated with a flourochrome, which had bound to
specific cell surface molecules. The panel of monoclonal antibod-
ies used for the procedure is given in Table 1.

For the determination of lymphocyte subgroups, 20 

 

m

 

l of mon-
oclonal antibodies and 100 

 

m

 

l of blood samples drawn previously
into tubes with ACD were collected into a single tube, and the
cells were labelled via incubation for 20 min in the dark and at the
temperature recommended by the manufacturer (Becton Dickin-
son Co., San Jose, CA, USA). Erythrocytes were lysed using
FACS lysing solution (Becton Dickinson Co.) and removed by
washing with phosphate-buffered saline (PBS). The tubes were
then prepared for analysis by the addition of PBS containing 1%
paraformaldehyde to the cells. Analyses were carried out with the

 

CELLQUEST

 

 software program (Becton Dickinson).

 

Cell culture and T cell activation marker analysis

 

Cells were cultured from 26 FMF patients in both an attack and
an attack-free period, 20 healthy controls and 15 patients with
BD. Peripheral heparinized blood was diluted with serum saline
(at a ratio of 1 : 1), and mononuclear cells were obtained by stan-
dard Ficoll-Hypaque separating solution (Seromed

 

®

 

, Biochrom
KG Berlin, Germany) gradient centrifugation. Mononuclear cells
were harvested from the interface using a sterile Pasteur pipette.
The cells were then washed twice with RPMI-1640 medium
(Sigma Chemical Co., St Louis, MO, USA) and resuspended in
the same medium containing 100 U/ml penicillin, 100 

 

m

 

g/ml strep-
tomycin (Sigma Chemical Co.) and 10% heat-inactivated fetal
calf serum (FCS) (Biological Industries, Kibbutz, Beit, Haemek,
Israel). For depletion of monocytes, the cells were seeded in a cul-
ture flask and incubated at 37

 

∞

 

C in a 5% CO

 

2

 

 humidified atmo-
sphere for 1 h to allow the monocytes to attach to the flask bed.
The medium containing non-adherent cells was transferred to
another culture flask and incubated for an additional hour to fur-
ther deplete the monocytes. At the end of this time, the non-
adherent cell suspension was collected and the cells washed once
with RPMI-1640 medium. The viability of the cells was found to
be 98% by staining with acridine-orange. The cells were then
analysed by flow cytometry and both lymphocyte and monocyte
cell populations were gated in side–forward scattering (SSC–
FSC)  and  CD45/CD14  plots.  In  this  way,  the  percentage  of
lymphocytes was found to be 97% following monocyte
depletion.

Cells were cultured at a concentration of 10

 

6

 

 cell/ml in 24-well
plates (Costar, Cambridge, MA, USA) with RPMI-1640 medium
containing 100 U/ml penicillin, 100 

 

m

 

g/ml streptomycin and 10%
FCS, and incubated for 24 h in a humidified atmosphere with 5%
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CO

 

2

 

. Cultures were either left unstimulated or stimulated with
PHA (15 

 

m

 

g/ml) (PHA-M: Bacto

 

®

 

, Difco Laboratories, Detroit,
MI, ISA) for evaluation of CD25, CD69 and HLA-DR expression
on CD3

 

+

 

 T cells. At the end of 24 h, cells were centrifuged, washed
and resuspended in PBS. For the analysis of activation markers
expressed on T cells, cells were incubated with the appropriate
monoclonal antibodies for 20 min, washed and fixed for flow
cytometry analysis. The panel of monoclonal antibodies used is
given in Table 2. T cells were gated in a SSC–FSC plot and anal-
ysed for CD25, CD69 and HLA-DR expression on CD3

 

+

 

 T cells
(Fig. 1).

 

Statistical analysis

 

All the statistical analyses were performed using the 

 

SPSS

 

 (SPSS
10·0, SPSS Inc., Chicago, IL, USA) statistical package. Descrip-
tive statistics were presented as arithmetic mean 

 

±

 

standard devi-
ation. For the tests of normality, we used the Kolmogorov–
Smirnov test. Multiple comparisons were performed using the
Kruskal–Wallis test. The differences between the two groups
were evaluated by the Mann–Whitney 

 

U

 

-test. For repeated mea-
surements we used the paired-samples test or the Wilcoxon’s
signed-rank test. To investigate the relations among the vari-
ables, we used the Spearman’s rank correlation test. 

 

P

 

-values less

 

Table 1.

 

The panel of monoclonal antibodies used for the determination of lymphocyte subgroups in peripheral blood samples

Panel Kit Clone Isotype Flourochrome

CD45/CD14 Simultest

 

TM

 

 LeucoGATE

 

TM

 

CD45/CD14 CD45; IgG

 

1

 

CD45; FITC
CD45; 2D1 CD14; M

 

F

 

P9 CD14; IgG

 

2

 

CD14; PE

IgG

 

1

 

/IgG

 

2

 

 (control) Simultest

 

TM

 

 control 

 

g

 

1

 

g

 

2a

 

g

 

1

 

(IgG

 

1

 

); X40 X40; IgG

 

1

 

–
(IgG

 

1

 

/IgG

 

2

 

)

 

g

 

2

 

(IgG

 

2

 

); X39 X39; IgG

 

2

 

–

CD4/CD8 Simultest

 

TM

 

 CD4/CD8 CD4; SK3 CD4; IgG

 

1

 

CD4; FITC
CD8; SK1 CD8; IgG

 

1

 

CD8; PE

CD4/CD69 CD4 (Leu

 

TM

 

-3a) CD4; SK3 CD4; IgG

 

1

 

CD4; FITC
CD69 (Leu

 

TM

 

-23) CD69; L78 CD69; IgG

 

1

 

CD69; PE

CD8/CD69 CD8 (Leu

 

TM

 

-3a) CD8; SK3 CD8; IgG

 

1

 

CD8; FITC
CD69 (Leu

 

TM

 

-23) CD69; L78 CD69; IgG

 

1

 

CD69; PE

CD4/CD25 CD4 (Leu

 

TM

 

-3a) CD4; SK3 CD4; IgG

 

1

 

CD4; FITC
CD25 (anti-IL-2R) CD25; 2A3 CD25; IgG

 

1

 

CD25; PE

CD8/CD25 CD8 (Leu

 

TM

 

-2a) CD8; SK3 CD8; IgG

 

1

 

CD8; FITC
CD25 (anti-IL-2R) CD25; 2A3 CD25; IgG

 

1

 

CD25; PE

CD3/CD19 Simultest

 

TM

 

 CD3/CD19 CD3; SK7 CD3; IgG

 

1

 

CD8; FITC
CD19; 4G7 CD19; IgG

 

1

 

CD25; PE

CD3/CD16CD56 Simultest

 

TM

 

 CD3/CD16

 

+

 

CD56 CD3; SK7 CD3; IgG

 

1

 

CD3; FITC
CD16; B73·1 CD16; IgG

 

1

 

CD16

 

+

 

 CD56; PE
CD56; MY31 CD56; IgG

 

1

 

CD3/HLA-DR Simultest

 

TM

 

 CD3/anti-HLA-DR CD3; SK7 CD3; IgG

 

1

 

CD3; FITC
Anti-HLA-DR; L243 Anti-HLA-DR; IgG

 

2

 

Anti-HLA-DR; PE

FitC: fluorescein isotyocyanate; PE: phycoerythrin.

 

Table 2.

 

The panel of monoclonal antibodies used for T cell activation marker analysis

Panel Kit Clone Isotype Flourochrome

CD45/CD14 Simultest

 

TM

 

 LeucoGATE

 

TM

 

CD45; 2D1 CD45; IgG

 

1

 

CD45; FITC
CD45/CD14 CD14; M

 

F

 

P9  CD14; IgG

 

2

 

CD14; PE

IgG

 

1

 

/IgG

 

2

 

Simultest

 

TM

 

 control 

 

g

 

1

 

g

 

2a

 

 

 

g

 

1

 

(IgG

 

1

 

); X40 X40; IgG

 

1

 

–
(control) (IgG

 

1

 

/IgG

 

2

 

)

 

g

 

2

 

(IgG

 

2

 

); X39 X39; IgG

 

2

 

–

CD3/CD25 CD3 (Leu

 

TM

 

-4) CD3; SK7 CD3; IgG

 

1

 

CD3; FITC
CD25 (anti-IL-2R) CD25; 2A3 CD25; IgG

 

1

 

CD25; PE

CD3/CD69 CD3 (Leu

 

TM

 

-4) CD3; SK7 CD3; IgG

 

1

 

CD3; FITC
CD69 (Leu

 

TM

 

-23) CD69; L78 CD69; IgG

 

1

 

CD69; PE

CD3/HLA-DR Simultest

 

TM

 

CD3; SK7 CD3; IgG

 

1

 

CD3; FITC
CD3/anti-HLA-DR Anti-HLA-DR; L243 Anti-HLA-DR; IgG

 

2

 

Anti-HLA-DR; PE

FitC: fluorescein isotyocyanate; PE: phycoerythrin.
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than or equal to 0·05 were evaluated as statistically significant
[16].

 

RESULTS

 

Twenty-one patients with FMF in an attack period had abdominal
pain (100%), eight (38%) had pleuritic chest pain and three (14%)

had arthritis/arthralgia. No significant differences were found
between the FMF patients and both control groups with respect to
mean age (data not shown). Sixteen of the 40 FMF patients   (40%)
had a family history of the disease. Thirty-one patients with FMF
were on a continuous colchicine treatment (1–2 mg/day). The nine
newly diagnosed FMF patients were not receiving treatment.

Comparisons of the acute phase reactants, serum sIL-2R and
IL-10 levels in all groups are given in Table 3 and Fig. 2. The mean
levels of ESR, fibrinogen and WBC counts were higher in patients
with FMF in an attack period than those in an attack-free period,
and higher than both control groups. Similarly, serum sIL-2R lev-
els (Fig. 2a) were higher in patients with FMF in an attack period
than those in an attack-free period (

 

Z

 

 

 

=

 

 5·651, 

 

P

 

 

 

<

 

 0·001), and also
higher than both healthy and disease control groups (

 

Z

 

 

 

=

 

 5·430,

 

P

 

 < 0·001; Z = 5·066, P < 0·001, respectively). The levels of sIL-2R
were also found to be higher in patients with FMF in an attack-
free period than those of both the healthy and disease control
groups (Z = 2·011, P = 0·044; Z = 2·342, P = 0·019, respectively).
In addition, the mean levels of IL-10 (Fig. 2b) were lower in
patients with FMF in an attack-free period than those in an attack
period (Z = 3·582, P < 0·001) and the healthy controls (Z = 2·069,
P = 0·039). A positive correlation was observed between ESR and
sIL-2R both in patients with FMF in an attack period (r = 0·716,
P < 0·001) and those in an attack-free period (r = 0·435,
P = 0·018). In patients with FMF in an attack period there was a
positive correlation between the mean levels of ESR and IL-10
(r = 0·457, P = 0·037).

The percentages and absolute counts of T cells expressing acti-
vation markers (HLA-DR, CD69 and CD25) on the cell surface
that were found to be statistically significant among the groups are
given in Table 4. The absolute count of CD3+HLA-DR+ T cells
(Fig. 2c) was higher in patients with FMF in an attack period than
those in an attack-free period (Z = 2·860, P = 0·004), and higher
than both healthy and disease control groups (Z = 2·243,
P = 0·025; Z = 1·973, P = 0·048, respectively). The percentage of
CD4+CD69+ T cells (Fig. 2d) both in patients with FMF  in  an
attack  and  in  an attack-free  period  was  higher  than  that  in
healthy controls (Z = 3·034, P = 0·002; Z = 2·530, P = 0·011,
respectively). While the absolute counts of CD4+CD69+ T cells
(Fig. 2e) in patients with FMF in an attack period were higher than
both the healthy and disease control groups (Z = 3·286, P = 0·001;
Z = 2·519, P = 0·012, respectively), they were higher in patients
with FMF in an attack-free period only in comparison with the
healthy controls (Z = 2·014, P = 0·044). The absolute counts of
CD4+CD69+, CD8+CD25+ and CD8+CD69+ T cells (Fig. 2e,f,g) in

Fig. 1. The percentages of CD3+CD25+, CD3+CD69+ and CD3+HLA-DR+

T cells in unstimulated (a) and stimulated (b) cultures. The T cell popula-
tion was gated in an SSC–FSC plot and analysed for CD25, CD69 and
HLA-DR expression in the CD3+ T cell population. The percentages rep-
resent the net percentage (%) of positive cells in the appropriate quadrant.
The dot-plots are from a single experiment representative of the results
obtained with patients in an attack-free period of FMF.

C
D

 2
5 

 P
E

CD3 FITC

(a) (b)

C
D

 6
9 

 P
E

A
nt

i-H
LA

-D
R

 P
E

2·5% 10·2%

1·3% 16·2%

0·06% 0·4%

Table 3. Comparisons of activation markers, serum sIL-2R and IL-10 levels in patients with FMF and controls [median (range)]

Parameters

FMF
(attack-free)

(n = 29*)

FMF
(attack)
(n = 21*)

Healthy
controls
(n = 20)

Behçet’s 
disease 
(n = 15) c2 P**

ESR (mm/h) 14 (20)a 38 (45)b 15 (21)c 12 (17)d 47·276 <0·001
WBC counts (/mm3) 5800 (3600)e 10000 (6600)f 6900 (3600)g 6500 (3700)h 34·154 <0·001
Fibrinogen (mg/dl) 322 (260)i 400 (215)j 325 (176)k 330 (174)l 20·695 <0·001
sIL-2R (ng/ml) 1·0 (1·7) 2·2 (3·5) 0·8 (1·7) 0·5 (1·1) 48·715 <0·001
IL-10 (pg/ml) 3·3 (8·4) 7·0 (11·9) 5·2 (9·6) 5·2 (9·3) 13·192 0·004

ESR: erythrocyte sedimentation rate; WBC: white blood cell; sIL-2R: soluble interleukin 2 receptor; IL-10: interleukin 10; FMF: familial Mediterranean
fever. *With double donors; **multiple comparisons were performed using the Kruskall–Wallis test. P < 0.001 for a versus b, b versus c, b versus d, e versus
f, f versus g, f versus h, j versus k; P = 0.001 for i versus j and j versus l.
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patients with FMF in an attack period were higher than those in
an attack-free period (Z= 2·526, P = 0·012; Z = 2·742, P = 0·006;
Z = 3·450, P = 0·001, respectively). The absolute counts of
CD8+CD25+ and CD8+CD69+ T cells in patients with FMF in an
attack period were higher than those in the healthy controls
(Z = 3·052, P = 0·002; Z = 2·791, P = 0·005, respectively). The
percentages of CD4+, CD8+, CD8+CD25+, CD8+CD69+, CD19+,
CD3–CD16+CD56+, the CD4+/CD8+ ratio and the absolute counts
of CD4+, CD8+, CD19+, CD3–CD16+CD56+ did not differ signifi-

cantly among the groups (data not shown). Patients taking colch-
icine and non-colchicine users, and double donors, displayed
similar net effects, which did not differ at all, with respect to
changes in these immunological parameters (data not shown).

Comparisons of the percentages of CD3+CD25+, CD3+CD69+,
CD3+HLA-DR+ T cells in unstimulated and stimulated cell cul-
tures from patients with FMF and both control groups are shown
in Table 5 and Fig. 3. Unexpectedly, we observed the early appear-
ance (within 24 h) of CD3+HLA-DR+ T cells in stimulated cultures

Fig. 2. Comparison of data from peripheral blood samples of patients with FMF and controls. The presented results are based on the
analysis of 29 patients with FMF in an attack-free period, 21 patients with FMF in an attack period, 20 healthy and 15 disease controls.
Boxes show the ranges of 1st and 3rd quartiles and extreme values, with the thick horizontal bars representing median values. The
differences between two groups were evaluated by the Mann–Whitney U-test. P-values are indicated above the boxes when a level of
significance <0·05 was reached in comparisons of the study groups. * represent extreme values, sIL-2R: soluble interleukin 2 receptor,
IL-10: interleukin-10, CD: cluster of differentiation, FMF: familial Mediterranean fever, HC: healthy controls, BD: Behçet’s disease.
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from patients with FMF in an attack-free period. The percentages
of CD3+CD25+ (Fig. 3a), CD3+CD69+ (Fig. 3b) and CD3+HLA-
DR+ (Fig. 3c) T cells were higher in stimulated, compared with
unstimulated, cell cultures from patients both with FMF in an
attack period (Z = 3·410, P = 0·001; Z = 3·408, P = 0·001;
Z = 3·408, P = 0·001, respectively) and in an attack-free period
(t = 11·903, P < 0·001; t = 20·474, P < 0·001; t = 7·414, P < 0·001,
respectively), and also from patients with BD (Z = 3·298,
P = 0·001; Z = 3·409, P = 0·001; Z= 3·296, P = 0·001, respectively).
These parameters, except for the percentage of CD3+HLA-DR+ T
cells (Fig. 3c), were also higher in stimulated cultures of healthy
controls compared to the unstimulated cultures (t = 5·799,
P < 0·001; t = 15·306, P < 0·001, respectively).

The only significant changes in the percentages of
CD3+CD25+ T cells between unstimulated and stimulated cultures
were observed when comparing patients with FMF in an attack-
free period and with healthy controls: the percentage change was
significantly higher in the FMF attack-free patients (Z = 3·064,
P = 0·002). In comparison, changes in the percentages of
CD3+CD69+ T cells between unstimulated and stimulated cultures
were significantly higher in patients with FMF in an attack-free
period when compared with either patients in an attack period
(Z = 2·519, P = 0·012), healthy controls (Z = 2·817, P = 0·005) or
patients with BD (Z = 3·236, P = 0·001). Changes in the percent-
ages of CD3+HLA-DR+ T cells between unstimulated and stimu-
lated cultures were higher in patients with FMF in an attack-free
period compared with either healthy controls (Z = 4·723,
P < 0·001) or patients with BD (Z = 3·080, P = 0·002). Similarly,

the changes were also higher in patients with FMF in an attack
period compared with healthy controls (Z = 4·819, P < 0·001) and
patients with BD (Z = 3·178, P = 0·001). In unstimulated cultures,
the percentages of CD3+CD25+ T cells in patients with FMF in an
attack period were higher than those in patients in an attack-free
period (Z = 2·752, P = 0·006), healthy controls (Z = 2·134,
P = 0·033) and patients with BD (Z = 2·155, P = 0·031). The per-
centages of CD3+CD69+ T cells in unstimulated cultures in
patients with FMF in an attack period were only significantly
higher than those in an attack-free period (Z = 2·915, P = 0·004).

DISCUSSION

In the current study, as in others [12,13], the patients with FMF in
an attack period had higher levels of sIL-2R, an in vivo marker of
T cell activation, than FMF patients in an attack-free period and
both control groups. The higher levels of sIL-2R might favour the
development of a Th1 response in an attack period of FMF. Cen-
tola et al. have suggested that MEFV expression is increased by
proinflammatory activators, including the Th1 cytokine interferon
(IFN)-g, tumour necrosis factor (TNF) and lipopolysaccharide,
and that it may have a place in the Th1-mediated response [4].
Their study [4] also demonstrated that MEFV mediates a Th1-
responsive, negative feedback loop during proinflammatory acti-
vation of myeloid cells and that the pathophysiological features of
FMF result from defects in this inhibitory activity. Similarly, it has
been proposed recently that Th1 polarization is a key feature in
the pathogenesis of FMF [17].

Table 4. Comparisons of the percentages and absolute counts of T cells expressing activation markers on the cell surface in patients with FMF and 
controls [median (range)]

Parameters

FMF
(attack-free)

(n = 29*)

FMF
(attack)
(n = 21*)

Healthy
controls
(n = 20)

Behçet’s 
disease 
(n = 15) c2 P**

CD3+HLA-DR+ (/mm3) 42 (236) 90 (145) 33 (157) 56 (150) 9·296 0·026
CD4+CD69+ (%) 1·7 (2·8) 2·0 (2·8) 0·8 (2·8) 1·3 (2·8) 10·658 0·014
CD4+CD69+ (/mm3) 23 (52) 36 (63) 13 (44) 16 (43) 14·825 0·002
CD8+CD25+ (/mm3) 12 (38) 20 (48) 12 (29) 11 (43) 10·419 0·015
CD8+CD69+ (/mm3) 15 (34) 26 (46) 17 (52) 18 (59) 12·554 0·006

CD: cluster of differentiation; FMF: familial Mediterranean fever. *With double donors; **multiple comparisons were performed using the Kruskall–
Wallis test.

Table 5. Comparisons of the percentages of CD3+CD25+, CD3+CD69+, and CD3+HLA-DR+ T cells in unstimulated (medium alone) and stimulated 
(medium + PHA) cell cultures from patients with FMF and controls

Parameters
(%)

FMF (attack-free)
(n = 26*)

FMF (attack)
(n = 15*)

Healthy controls
(n = 20)

Behçet’s disease 
(n = 15) 

Medium PHA Medium PHA Medium PHA Medium PHA

CD3+CD25+ 4·2 ± 2·2 26·4 ± 9·2 6·4 ± 2·5 23·2 ± 6·9 4·6 ± 2·4 17·3 ± 8·0 4·2 ± 2·3 20·0 ± 9·1
CD3+CD69+ 1·5 ± 1·0 52·3 ± 12·7 2·3 ± 0·9 42·1 ± 11·1 1·9 ± 1·2 41·5 ± 11·2 1·8 ± 0·8 37·4 ± 13·7
CD3+HLA-DR+ 5·6 ± 2·9 14·9 ± 6·3 6·7 ± 2·3 13·8 ± 3·1 5·4 ± 1·8 6·3 ± 2·8 5·0 ± 2·3 8·4 ± 3·9

CD: cluster of differentiation; FMF: familial Mediterranean fever. *With double donors; **multiple comparisons were performed using the Kruskall–
Wallis test.



532 U. Musabak et al.

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 138:526–533

In contrast to a recent report [12], IL-10 levels were signi-
ficantly lower in patients with FMF in an attack-free period in
comparison with healthy controls and patients undergoing an
acute attack. This could suggest that the attack-free period is asso-
ciated with not only the overactivation of the Th1 subset in the
peripheral blood but also the decreased function of Th2 cells.
However, it has been proposed that IL-10 is associated not only
with the Th2 response but also with the function of CD4+CD25+ T

regulatory cells which inhibit immune responses at a very early
stage [18]. The effects of IL-10 on immune responses are mostly
inhibitory on T cells, mainly by affecting monocytes and macroph-
age function [19–21]. IL-10 down-regulates the production of
inflammatory cytokine synthesis of Th1 cells and inhibits mac-
rophage functioning, natural killer cells, peripheral blood mono-
nuclear cells and Th1 cells [22,23]. In IL-10 gene-deficient mice,
overproduction of inflammatory cytokines and the development
of chronic inflammatory diseases have been shown [24]. The pre-
dominant effect of IL-10 is to reduce inflammation [25]. Thus, the
significant decrease of IL-10 observed in our study in an attack-
free period of FMF cannot limit effectively the T cell activity dur-
ing this time and may contribute to the perpetuation of subclinical
immune activation.

The cell-surface activation markers used in this study were
CD69, CD25 and HLA-DR. CD69 is an early activation marker,
and can be detected within 1 h of stimulation of T cells with mito-
gens and purified antigens [26,27]. The expression of CD25, the a-
chain of the IL-2 receptor, can be detected on T cells after 18 h,
while a rise in the expression of HLA-DR can be detected from
48 h of stimulation with PHA [26]. Although HLA-DR expres-
sion is a relatively late event during T cell activation, in contrast to
healthy controls, we observed early expression of HLA-DR in
stimulated cell cultures from FMF patients in an attack-free
period and in patients with BD. These findings may suggest that
CD3+ T cells of patients in an attack-free period are more sensi-
tive to polyclonal activators. In addition, it is highly probable that
patients with FMF have a lower threshold for T cell activation
than normal controls. In the acute attack period, the absolute
counts of CD3+HLA-DR+, CD4+CD69+ T cells in peripheral blood
samples were higher not only in comparison with FMF patients in
an attack-free period but also in comparison with both control
groups, while the absolute counts of CD8+CD25+ and CD8+CD69+

T cells were found to be higher in patients with FMF in an attack
period than those of attack-free FMF patients and healthy con-
trols. Moreover, in patients with FMF in an attack period, changes
in the percentages of CD3+HLA-DR+ T cells between unstimu-
lated and stimulated cell cultures were higher than the changes in
both healthy and disease controls.

The levels of sIL-2R were found to be higher in patients with
FMF in an attack-free period than in the healthy controls. It is
interesting to note that sIL-2R levels were also higher in patients
with FMF in an attack-free period than in patients with BD. This
may suggest indirectly that the attack-free period of FMF has a
higher T cell activity than the remission period of BD. Similarly, in
some studies, proinflammatory cytokines were shown to rise
above the normal limits in an attack-free period of FMF [8,28]. In
addition, both the percentages and absolute counts of CD4+CD69+

T cells in peripheral blood samples from patients with FMF in an
attack-free period were slightly but significantly higher than those
in the healthy controls. Moreover, in patients with FMF in an
attack-free period, the changes in the percentages of CD3+CD25+,
CD3+CD69+ and CD3+HLA-DR+ T cells between unstimulated
and stimulated cultures were higher than those in the healthy
controls, while the changes in the percentages of CD3+CD69+ and
CD3+HLA-DR+ T cells between unstimulated and stimulated cul-
tures were higher in patients with FMF in an attack-free period
than in patients with BD. These findings suggest that immune acti-
vation may still be present, even though the disease is considered
inactive according to the clinical criteria. In this context, the pos-
sibility of continuing subclinical inflammation in about two-thirds

Fig. 3. Comparisons of the percentages of CD3+CD25+ (a), CD3+CD69+

(b), and CD3+HLA-DR+ (c) T lymphocytes in unstimulated (medium
alone) and stimulated (naeduimt + PHA) cell cultures from patients with
familial Mediterranean fever (FMF) and controls. Results presented are
based on analysis of 26 patients with FMF in an attack-free period, 15
patients with FMF in an attack period, 20 healthy and 15 disease controls.
Bars represent arithmetic mean ± standard deviation. The differences
between two groups were evaluated by Mann–Whitney U-test. P-values
are indicated above the bars when a level of significance < 0·05 was reached
in comparisons of study groups. CD: cluster of differentiation, HC: healthy
controls, BD: Behçet’s disease.
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of the patients during an attack-free period has been reported
recently [3]. Direskeneli et al. [29] and Kiraz et al. [30] also sug-
gested that the disease sustained its activity in an attack-free
period.

In conclusion, our study indicates that the T cell system is acti-
vated abnormally in patients with FMF, either when symptomatic
or in remission. We also conclude from the present data that the
decreased IL-10, along with increased sIL-2R, levels and
increased CD4+CD69+ counts in the attack-free period, seem to
be important factors for the continuing subclinical immune acti-
vation. Although decreased IL-10 levels may create a tendency to
perpetuate subclinical immune activation, the trigger that starts
the inflammatory attacks is still unknown.
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